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Summary

The Advanced Nuclear Technology Group of the
Loa Alamm National Laboratory is now u~lng intelli-
gent datamcqulriltion and analysis instrumentation for
determining the multiplication of nuclear material.
Serller Inatrumentatloa, ouch as the large NIM*rate
systamti, depended on house powel and required addi-
tional computation to determine multlpllcatlon or to
estimate error. Tt,e portable, battery-powered multi-
pllaatkm measurement unit, with advanaod aomputa-
tlonal power, aaquires data, aalaulete- multlplioatlon,
and oompletes arror annlyals automatlaally. Thue, the
multlpllcatlan is datormlned eaully and an available
arro,’ @Imate enableo the ueer to judge the slgnlfl-
canae of remltto

Introduatlan—.

The teahnique used, to . meeaure m.uitlpllcatlonj
analyzes the time aarreiatlon af neutrons emitted by
the flaalan proa@u, If neutron detection events are
unoorrelated (that Is, random in time)j the dlstrlbutlon
af counts during an Intarval of fixed elze Is a Poisson
dlstrlbutlon, However, because neutrons detected
from u fissioning systdm exhibit time aorrelntlon
stemming from tha nature of the flaslon proceae, we
expect u bronder dlatrlbutlon than lhat of Pokaon.
We measure t~ls devlatlon from a Palseon dlstrlbutlon
ualrw the flrat two moments of the dlstrlbutlon and
rel~te Chls devlatlon to the nautron multlpllatitlon af
the flaelanlng system, This theory In discussed In
snother paper.’

C)peratlon

The Instrument In controlled by swltnhes and push-
buttons on the front panel, START, STOP, and Ii E!3HT
pushbuttons aontrol the acqulslt Ion of data (Fig. 1).
AnalyJls Is automatic when aaqulsltlon in 00mplOtO,
and results are stored In tha external memory. A
1e-position thumbwheel switch seleats which value
will be displayed on the 1tl+lmracter Ilqu;.’l crystal
dlaplay (LCD). In conJunatlon with the f3NTKK punh-
but ton, anather thumbwheol nwitch provldea munuul
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entry of constanto ouch as deadtlme or Ilvetlmt% If the
appropriate values are not entered manually, the mlaro-
proaemar aaslgnudefault values for the constants.

The operator begins a typlaal measurement nequenao by
conneutlng the Instrument to a neut ~n detector pod with n
random neutron source, rnuah as 24 AmD, placed nuar tha
pod. Ha places the funcllon switch #t O, tau, and pushes tha
START button. Thlo measurement determlneu the VUh,Ib of
tnu, deadtlme. Aftar 10° Intarvals are counted, tau 18
calculated und -tored tn the externnl memory, The ne tren
souroe h replaced with a npontaneaun flaalon oource, 2#2cf,

and the operator beglna the ●aqulsltlon with the funatlan
~mvltoh either In Pooltlon 1 or 2. At tha oompletlon of Id
httervalI, Y? Is oalaulated and otored In the external
memory. lf these VQIUOS are known from earllar mearnure-
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Fig. 1. Mtiltlpllcatlon measurement Irmtrumant In oparatlon.

ment, tha user can omit this sequemae and munually enter
tau and Y from the front panel. The oporutor turns on thu
S’1’ANDfl? switch to nl~lntuln the VUIUGN of twu nnd Y~ und
turns off the Instrument.

After the du:actor pod and Instrument ar~ taken to the
rneasurome,lt locatlon~ the user posltlons the cluteclor n~xt
to tha nuclear mntarlnl. The operntor turns on tlm power
and !NISIIUS the STAlt’1’ button with (he (uIIctlon tiwltch III
posllloII 4. A(tor 10’ Intorvnls are acqulrwl, tl,o VUIUU or
tho muttlpllcatlon and the aseaalated error estlmutcs two
oalculnted and stared In the memory. If tha prlntor Is
aonneated, tha mlaroaomputor prints the orlglnal data nnd
tho 00 I0IJd’.Od rcsultr at the ●nd of eaoh maamtrement. If
only LCD dlaplay la preferred, th~ user maves the fullotlon
swltoh to pdtlon 3.
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Ffgure 2 shows tlw funatlonal blook diagram of the multl-
plfo.atlofi maasurament instrument. The NS80PS0, a memkr
of tht 8048 family of olngle+omponent mlorocomputam, Is
a oentra’ prooeasor that oontrola the operation of the entire
lnatnment. This nllorooomputer a.llowa the program memory
In the form of ● 2732 eruable, programmable, read+rdy
,i.emery (EPROM) to be Rttaohed plggyb.mok style. Thus, 4096
bytes of program memory are provl~d In the nmrd.1 and
oonvenlent paokaga.

The mlcrocomp.Ner provides for 256 bytes of internal
random aoceu mamory lndlrootly addr~bla u work!ng
reg)stem. Two 6514 mlorocom#utara provtdo ail external
1024-by-3-blt random aooeas memory and supply the needed
ntorage of tho largo hl.mogram (2S6 ohannala by 24 blto). The
flint threo stored paged oortatltute the I?lntogram memoryl the

I last page, calaulatml values, ouch ea tau, Inultlplloatlon, and
mean. Thla inemory has a 3,6-V baok~p voltage when the
stand-by owitoh Is on and tho powar Swltoll IS off, ThQ
baok-up systcm cnablu rotontlon of tho ealoulatod vduos
while dralnlng ● maximum of 2 mA from the battery. Thus,
the macswad vuuu of tau and Y, oan ba stored whmever
tho Instrument is turnad off ●nd rolooated ●t a target objaot.

.,

lntarfaoed with tho oentral prooaasor by Iow-powor,
small-aoale, integrated olrcuits, a number+ rlantad mlcro-
prooeuor, MM57109, provid~ oaloulatlonal pawor,’
Commands frbm the central proooasor ●?a Iatohed for
ontlnuous Input Into the numbe~rlentad mloroproceasor.

The oaloulator output Is multlpl~xad onto tlw data bus, and
olroultry provldos a han@hake fltyla of data exohange,

Input from the START, STOP, RESET, and ENTER DATA
oontrcd buttons oausea an Interrupt to the oentrel prooe.wor
●nd sets an aaaoolated btt In a latoh, The mlorocomputor
polls the latch to detsrmlne the appropriate subroutlnn.

.
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‘1%.aae Interwts and nll othar switch #lgndd from the front
panel me Input to the mlarooomputer through fntel 8243
input/output expander3c Theme devloaa provide the W
expendon that 00MhtS of four 4-bit bldlrectlonat Watlc 1/0
ports, ThLn, a single 4-bit maater control port provides the
many 1/0 oontrol Ilnea for the microcomputer.

The 5- by 7-in. dot-matrix LCD, EPSON MA-B955I3,
oomea with tha low~war clroultry needed to furnish the
drlvem and multlplexera for the dot matrix, The oharaoter
generator, two 6634 CMOS EPROMs, furnlshm a owtom set
of oharactem that Includes the standard ASCII uppar- and
lower+ame alphabet, some o! the Oreek a.lphab.t, exponen-
tlala, nnd other oharaotem used to display solentlflc drita.

The serial prt provlddrn the data to be produoed on the
printer or transmitted over the tU292 llnk to remote
hxatlofu, The serial port oonslsts of a 6402 unlveme.1
asynchronous receiver/tranamltter and some discrete
aompaenti to shift tho logla levels to those compatible with
R923Z ‘11’100402 II now an Induotry otandard and lntorfacGs
dlrootly with tho dngl~hlp mlorooomp~utor,

Tho lr@ut dgnal from the rmutron pod In pruvlded at the
front panal through a standard hlglwoltags (SHV) conneotor,
A ●l 1. prlntod olroult card furnishes tho preampllfloatlon,

Yarnpll Icatlon, and diaorlmlnatlon. Thtx unit al#o sums the
high-voltage outpJt with the elgnal Input, allowlng a slngie
onble to tha deteotor pod. This arrangement eliminates tho
need for ●xtornal proampllflers and multlple oables that aro
dlffloult to deploy for field measurement. The dlaorlmlnator
output Is a standard dlgltal Iogio signal oonnaoted to nn INTEL
82S3 oounter/timer. This Integrated clroult furnishes three
I &blt tlmar/oounte? registers that are used for the data
scaler end the Interval timer. The 8252 Interfaces directly
with the cantral processor through the multiplexed duta bus
and allowc afflclent and convenient program conlrol.
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Software

.

The progmm was written with ASM-48 aesembly
lenguage, the onIy language available with the 8049 family
microcomputers. A 40 Wbyte program memory was desl&med
to accommodate extensive analysis. Over three-fourths of
the program memory is used, which allows some expansion
and indicates the sizs of the programming effort. The
modular software is efficient for development and testing
and enables the transfer of useful subroutines to other
imtrumente under development.’

The flow charts (Fige. 3-5) show the program structure.
After lhe POWEN ON RESET is complete, the micro-
computer control lines are initlnlized and READY Is printed
on the display (Fig. 3). The program waits for an interrupt;
wh?n interrupt recognition occurs, the program Identlfles
which of the four possible subroutines to service. Ii the
DATA ENTER button Is pushed, the control computer reads
the manual dat~ thumbwheel switches. If the FUNCTION
switch lsat 0, the value of the data switches 1s read as O to
9.99IJs and is stored in the tau location in the memory. If
the FUNCTION switch Is at 1, the data switches are read as
X. XX forlhe mantissa of Ys and stored In that locatlon. The
cxpanentlal of Y~ is entered when the FUNCTION switch is
ut 2. The Iifetlme (L) of tho pod is manually entered as
XXX w when the FUNCTION switch is at 4. When the
MAN U AL DATA button is pushed, all other values for the
FUNCTION switch trigger the LCD signal FC SWITCH
W1{ONG.

A 1{E3LT interrupt clears the Interval counter and the
histogram In the ssmu manner as does n POW EN O N
ItLSL’1’. The STA1{T Interrupt clenrs the histogram and
lx! Ins the data ncqulsltlon.

f
Acquiring datn ccmtlnues until

111 inturvols are counted and stored or until the STOP
interrupt Is nctlvated (Fig. 4). These actions cau~e the
program to transfer to the COUNT END subroutlnol which
calculates tw, Y~l or illultlplicatlon (Fig. 5). The oaloulated
values nrc, stored In the memolj fcr LCD retrieval or serial
port printout.

The CALCULATE subroutine raquh’as only that the
progrumrner point to a dommsnd table, a Ilct of calculator
kaystmke ontrles necaeaary fal solving the daslred equation,
boforo calling the calculator subroutine. The mlcmproceesor
opernllon is dmlltir to that of hand-held calculators, ouch as
tha llewlatt-Psckard HP-21 or the National Semloo~ductor
N ovus 4920, the Salanllat. Tho user dovclopa aaloulatlon
saquenoas without detall~d knowledga of the dealgn or of
Il\laraaomputors, Onaa a tabl~ of keyst~ke~ to solve th~
aqualion ham Man davolo d and tooted on tho odoulator, It

Yaan bo ontorad dlrootly nto tho program mornory, Flguro 0
shows tha structure O( the CA IJCULA’I’k! aubroutlna. Notloo
(Imt bos~dos the 64 calculator commanda, mernory-to-
culculator Inputs or Calculator-ta-memory outputs are
pomlblo. The hexldeclmal byte FF Indlaatas the end of the
(nblo and slgniflos lhat oantrol will be paesad beak to the
culling mutlne.

‘l%e multlpllan(lon unit, tcstod and proven to be a
vorsatila and @ashy uoad Inetrun,unt that cavoo the operator
nnulysls Ilme, contrnnte shnrpiy wlih ●arllor systemm’
Furthorinoro, bqcmiseerrormmlyn% Isavallablont thesoane,
Lll@wor oallfluloklyjNgo Iho aaourncyof theanswem.
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